Abstract: The PETTLEP model of imagery (Holmes & Collins, 2001 ) was designed to produce more effective imagery. The PETTLEP acronym represents seven key elements (i.e., Physical, Environment, Task, Timing, Learning, Emotion, and Perspective) which should be considered by researchers and practitioners when delivering an imagery intervention. It is thought that by including these elements the functional equivalence at the neural level between imagery and performance will be increased. A number of interventions have supported the use of PETTLEP imagery in improving performance of motor skills (e.g., Smith, Wright, Allsopp, & Westhead, 2007 . To date, however, these PETTLEP interventions have mainly been applied to adult populations with very few conducted with children. The aim of the present study was to test the effects of a 5-week layered-PETTLEP intervention (i.e., adding PETTLEP elements progressively) on movement imagery ability and performance of a soccer task in children. A secondary aim was to examine the potential for a sport-specific nutritional intervention to serve as an effective control condition. Thirty-six children (34 male, 2 female, M age ¼ 9.72 years, SD ¼ 2.05) from a local futsal club were age matched and then randomly allocated to either a PETTLEP imagery intervention group or a nutrition control group. Pre-testing consisted of the Movement Imagery Questionnaire for Children and a dribbling and passing motor task. Posttest protocol was the same with the addition of a nutritional knowledge test. Despite the imagery intervention producing no significant improvements in imagery ability or motor task performance, there was a significant correlation at post-test for the imagery group between age and external visual (r ¼ 0.56, p < 0.05) and kinesthetic imagery ability (r ¼ 0.57, p < 0.05). Furthermore, the nutrition group scored significantly higher than the imagery group on the nutrition test (p < 0.05). This study highlights important aspects that need to be considered when delivering PETTLEP imagery interventions to children. This study is also one of the first studies to show that control groups, especially with children, can be used for educational purposes. Similar control groups should be considered in future research, as it means interventions can not only be used in a practical manner to improve sporting performance but also to educate and improve knowledge.
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The performance benefits of using imagery have been explained by the partial overlap of brain areas involved with motor planning and execution that are activated during imaged and physical movements (Jeannerod, 1994) . However, imagery and action are represented not just in overlapping voxels according to brain imaging methods, but they also largely employ the same mechanisms (Guillot, Di Rienzo, MacIntyre, Moran, & Collet, 2012; . Similarities between these two processes have also been found with peripheral measures of the autonomic nervous system (e.g., cardiac activity) as well as behavioral measures (e.g., movement time; Louis, Collet, Champely, & Guillot, 2012; Williams, Cumming, & Balanos, 2010) . Collectively, this evidence has been taken to show that a structural and functional equivalence exists between imagery and physical movement at the neural level (Finke, 1980; Jeannerod, 1997) .
Although these processes will never be completely identical, Holmes and Collins (2001) were the first to recognize that the extent to which imagery and motor processes do covary (i.e., their neural functional equivalence) has important implications for how imagery is delivered and performed. They proposed that, "if physical and mental practice are equivalent, then many of the procedures shown to be efficacious in physical practice should also be applied in mental practice as well" (p. 62). Furthermore, the memory trace of a movement representation will be strengthened during imagery similar to how this occurs during motor planning and execution. Initially, Holmes and Collins (2001) believed that for imagery to be effective in mimicking the benefits of motor processes at a central level, "functional equivalence" is an important prerequisite. However, more recently Wakefield, Smith, Moran, and Holmes (2013) have argued that PETTLEP imagery might be able to optimize the efficacy of an imagery intervention through the concept of "behavioral matching". That is matching the imagery and execution of the situation as closely as possible. This suggests that the effectiveness of the PETTLEP model is likely through matching behavioral characteristics between imagery and physical movement (i.e., a phenomenological similarity) rather than on neutrally based functional equivalence between imagery and action (Wakefield et al., 2013 ).
The PETTLEP model
To monitor the equivalence of imagery to the physical movement targeted for improvement, Holmes and Collins (2001) proposed the PETTLEP model. Drawing from Lang's (1977 Lang's ( , 1979 bioinformational theory, the model also emphasizes the importance of including personally meaningful stimulus (i.e., details of the situation) and response (i.e., emotional and physiological responses to the situation) propositions into the imagery. These propositions are inter-related and essential for eliciting the beneficial effects of imagery on performance (Smith, Holmes, Whitemore, & Devonport, 2001) . When used together, stimulus and response propositions can also enhance the vividness and ease of imaging (e.g., Callow & Hardy, 2004; .
The PETTLEP model consists of seven elements that form a checklist for preparing imagery scripts and instructions: Physical, Environment, Task, Timing, Learning, Emotion, and Perspective (for a detailed description of each element, see Wakefield & Smith, 2012) . Physical refers to the physical nature of the imagery whereas Environment pertains to where the imagery is carried out. Task focuses on the imagery content, the characteristics of the task being imaged and the level of expertise. Timing refers to the temporal nature of the imagery (i.e., real-time vs slow/fast motion). Learning indicates that imagery content should evolve with learning and refinement of behavior. Emotion refers to the athlete's affective and emotional responses to the imaged situation. Finally, Perspective refers to the adopted visual imagery perspective.
Images can be viewed from a first person perspective, also known as internal visual imagery (IVI), or from a third person perspective, also known as external visual imagery (EVI). It is suggested that IVI may be preferred for open skills and those when timing is important, whereas EVI is more advantageous for viewing form and body position (Hardy & Callow, 1999) . Wakefield and Smith (2012) also emphasize the importance of taking individual preference into account to ensure the performer is comfortable with the technique and therefore more motivated to image as instructed.
Evidence in favor of a PETTLEP approach to designing imagery interventions has accumulated in recent years. It is apparent that including PETTLEP elements into imagery is effective for improving the performance of motor skills (e.g., Smith et al., 2007 Smith et al., , 2008 ; for a recent review, see Wakefield et al., 2013) . Despite behavioral matching being recently proposed as the mechanism that provides the benefits of imagery, the fundamental principle of the model remains the same: "the importance of matching closely the imagined and actual skill-learning environments" (Wakefield & Smith, 2012, p. 2) . For example, a football player imaging taking a penalty would try to match the timing of the image to that of the physical execution of the task. Despite the matching of physical and imagined environments (and therefore the inclusion of more PETTLEP elements) being highlighted as a central premise to the PETTLEP model, there is a paucity of evidence in this regard (see Guillot, Collet, & Dittmar, 2005 for an exception).
Layering PETTLEP elements and imagery ability
Using more PETTLEP elements in an intervention can result in more effective imagery (Smith et al., 2007) . It can also be argued that incorporating more elements provides an intervention with a greater degree of ecological validity; that is, the imagery will more accurately reflect the real life situation with each additional element included. To maximize performance results, it would therefore be optimal to include all PETTLEP elements within the same intervention. However, this recommendation may be impractical in some situations and care is also needed to not overload athletes (Wakefield & Smith, 2012) . If all seven elements are included from the start of an intervention, it may be difficult for an individual to focus on the appropriate stimulus and response propositions due to the large amount of information provided. This issue might be particularly relevant to subsamples of athletes who are new to imagery interventions and/or find it difficult to image.
A solution to this problem that is in accordance with the Learning element would be to evolve the complexity of a PETTLEP imagery intervention by introducing fewer and simpler elements at the beginning (e.g., physical, environment, and task) and systematically introducing more complex elements (e.g., emotions and timing) as the intervention progresses. This approach is based on Lang's (1979) bioinformational theory (which PETTLEP draws upon) by gradually incorporating more stimulus and response propositions as the layering of the image progresses. To our knowledge, layering the PETTLEP elements during an imagery intervention is yet to be done. Furthermore, this approach may be effective as imagery, similar to physical skills, can be broken down into more manageable chunks and improved with practice (Hall, 2001; Williams et al., 2013) . For example, children are able to learn a skill quicker through breaking it down, or "chaining" (Slocum & Tiger, 2011) . A similar approach was undertaken with the present imagery intervention. Imagery is a skill, and like any new skill, it would be beneficial to start simply and make it more complex as learning progresses. The aforementioned suggestion to avoid overloading athletes with too much information when starting an imagery training program seems particularly relevant to young athletes who are still developing their imagery ability. For example in an intervention, the physical, environment, and task elements might be initially introduced to the athlete. These elements may be the easiest to begin with as they do not include imagery content that is too complex. For example, a tennis player would be on the court, dressed in their whites, and asked to image the desired task appropriate to their level of expertise. Once the athlete can generate and maintain quality images, emotions might be added as another layer, and so forth. The imagery experience then becomes more detailed and complex with the inclusion of additional PETTLEP elements until, ideally, all elements are included.
A similar layering technique of stimulus and response propositions has already been shown to be effective for improving imagery ability and golf putting performance in adults with relatively low imagery ability . However, to our knowledge, it has not yet been directly applied to the elements of the PETTLEP model. Moreover, little is currently known about which techniques might be effective for improving imagery ability, a factor known to influence the benefits received from using imagery (for a recent review, see . Cumming and Williams (2013) describe imagery ability as a multidimensional construct, emphasizing aspects such as the vividness (i.e., clarity or "lifelikeness" of the image), controllability (i.e., the ease to which the image can be manipulated), ease (ability to engage in the imagery process), accuracy, and duration of the image. Imagery ability can also refer to different aspects of the imagery process, such as being able to easily produce a scenario in the mind or generating different types of imagery content . However, imagery ability is a complex entity which not only includes the aforementioned constructs based on phenomenology (e.g., vividness and controllability) but it also refers to other constructs based on the neural pathways (e.g., spatial and motor imagery). The PETTLEP elements might lead to better image generation by enabling athletes to more easily create vivid, realistic, and detailed images (Gould & Damarjian, 1996) . Although a PETTLEP approach to designing imagery interventions has been recognized as potentially beneficial for improving imagery ability (e.g., Smith et al., 2008) , limited work has addressed this issue to date.
Applying PETTLEP imagery to young athletes
Another gap in the PETTLEP literature concerns the application of the model to youth athletes. PETTLEP interventions have mainly been applied to adult populations, but the few studies conducted with children have so far yielded promising results. For example, Smith et al. (Study 2, 2007) reported significantly greater performance on a turning beam jump for gymnasts aged 7-14 years following PETTLEP imagery compared to those who received stimulus-only imagery. Although not a PETTLEP based intervention per se, Taktek, Zinsser, and St-John (2008) investigated the effects of visual and kinesthetic imagery (KI) with children aged 8-10 years to determine which modality was more effective for improving skill retention and transfer. They found no difference between imagery types but retention of the task for both imagery groups was equivalent to the specific physical practice group (SPPG), and transfer to another task was better than both SPPG and a control group. Moreover, improvements in imagery ability were found when compared to the control participants. Additional support for conducting imagery interventions with young athletes stems from recent research by O, Munroe-Chandler, Hall, and Hall (2014) , who showed an individualized imagery intervention to be effective at improving self-efficacy for young squash players (M age ¼ 10.80 years, SD ¼ 1.93). Collectively, these studies indicate that children will likely benefit from effective imagery interventions, both in terms of improving motor skill performance as well as developing their imagery ability. However, additional research with young athletes is required to expand upon the existing small body of literature with this sample.
Study aims
The primary aim of the present study was to test the effects of a layered-PETTLEP intervention (i.e., adding PETTLEP elements progressively) on movement imagery ability and performance of a soccer task in children. We hypothesized that the imagery group would significantly improve their imagery ratings measured by the Movement Imagery Questionnaire -Children (MIQ-C) and improve significantly more at the dribbling and passing task compared to a placebo control group.
PETTLEP studies have typically involved asking the control group to read literature associated with the sport, which is known to elicit spontaneous imagery among participants (Smith et al., 2007 (Smith et al., , 2008 . Furthermore, an inactive control group with children would most likely lead to boredom. To overcome these issues and because the sample involved children whose reading levels might vary considerably, a second intervention focusing on nutritional information was employed as a placebo control.
Having good nutritional knowledge is an important life skill that is especially useful in today's society as a way to increase awareness of the risks associated with unhealthy eating and combat against obesity (Rutkowski & Connelly, 2011; Swinburn & Egger, 2002) . It has already been shown that providing nutritional information to children can significantly improve their knowledge regarding the benefits of eating healthily (Koch, Waliczek, & Zajicek, 2006) . To our knowledge, no sport-specific nutritional intervention has yet to be conducted with youth athletes. Because the opportunity presented itself to investigate this issue in the present study, a secondary aim was to examine the effects of a sport-specific nutritional intervention taught through games and activities on the nutritional knowledge of children. We hypothesized that children in the nutrition group would score significantly higher on a nutritional knowledge test at post-intervention than those in the imagery group.
Method Participants
Thirty-six children (34 male, 2 female, M age ¼ 9.72 years, SD ¼ 2.05) from a futsal club participated in the study. Futsal is an indoor, South American version of the traditional English "five a side" football which differs due to using a smaller ball with reduced bounce, therefore increasing the demand on fitness, skill, and tactical awareness (The Football Association, 2009). Participants varied in years of experience (M ¼ 2.72 years, SD ¼ 1.76) and participation in extracurricular hours of sport per week (M ¼ 11.72 hours, SD ¼ 5.32). Ethnicity varied between participants (White 39%, Black 14%, Asian 17%, Mixed 25%, and Other 5%). The majority of children had very little or no previous exposure to imagery.
Instruments Movement Imagery Questionnaire -Children
The MIQ-C (Carter, Yoxon, Ste-Marie, Cumming, & Rose, 2013) is an adaptation of the Movement Imagery Questionnaire -3 (MIQ-3; Williams et al., 2012) for children to measure visual (internal and external) and KI ability. Instructions are read to participants by a researcher, and pictures are used to help children understand the different types of imagery ability being tested and the rating scale employed. The questionnaire consists of 12 items and four simple movements (i.e., knee raise, arm movement, waist bend, and jump). For each item, participants first physically perform the movement and then image the movement using IVI, EVI, or KI. They then rate the ease or difficulty of imaging each movement on a 7-point Likert scale, with 1 representing "very hard to see/feel" and 7 representing "very easy to see/feel". Due to the age range of the study, participants provided a verbal rating of each item to prevent any problems arising from any reading or writing difficulties. The MIQ-C is still undergoing psychometric testing, but initial evidence appears favorable (Carter et al., 2013) . Moreover, the MIQ-3 has already been shown to be a valid and reliable instrument . In the present study, the MIQ-C demonstrated adequate internal reliability for kinesthetic (α ¼ 0.85, 0.85), internal visual (α ¼ 0.74, 0.78), and external visual (α ¼ 0.70, 0.83) subscales at both pre-test and post-test.
Waterloo Footedness Questionnaire -Revised
An adapted version of the Waterloo Footedness Questionnaire -Revised (WFQ-R; Elias, Bryden, & Bulman-Fleming, 1998 ) was used to record the children's foot dominance in the present study. Participants were asked to perform three movements (kicking a ball, pretending to stomp a bug, and raising their knee) from the WFQ-R. The researcher observed which leg was used to perform the action and recorded this information. One point was given for each action (þ 1 for right and -1 for left), with a positive score indicating right foot dominance and a negative score indicating left foot dominance.
Nutrition test
A multiple choice test was devised for the present study to measure nutritional knowledge related to sport. It consisted of 10 questions; one question was based on each nutrition intervention session (e.g., Which is the main nutrient that gives you energy? Which drink is best to drink after exercise?). Choices of answers varied from pictures or words to add variety and make the test more appealing to children. The nutrition test can be obtained from the lead author. One point was awarded for the correct answer, with the highest possible score being 10.
Procedure
Following ethical approval from the institution where the authors are based, an information session was held to inform parents and guardians about the study. They were given an information letter and asked to give consent for their child to participate. As well, parents and guardians provided demographic information about their child concerning their age, years of experience, participation in extracurricular sport activities, and ethnicity. All testing and intervention sessions occurred during a regularly scheduled futsal training session.
Pre-test
Baseline measures of imagery ability and performance of the soccer task were obtained at the pre-test. The soccer task was developed specifically for the present study and involved the skills of dribbling and passing (Figure 1) . A number of "filler" tasks were also carried out as part of the club's normal testing procedures but were not analyzed for the present study. The children were put into small groups and rotated through each task.
The dribbling and passing soccer task was designed to be as reflective of game situations as possible by testing players' ball control and decision-making skills. To complete the task, the participants were instructed to dribble in and out of the cones with a ball. Once they reached the final cone, the aim was to pass the ball to the cone as indicated by the "defender" (a researcher) before reaching the line marked on the gymnasium floor 2 m in front of the final cone. If the defender turned to the right, the participant aimed to pass the ball to the left cone (and vice versa). The order of the direction in which the defender turned (right vs left) was randomized and counterbalanced across all participants. The task was completed with the right foot only, the left foot only, and by alternating feet. After viewing a video-taped demonstration, participants were given a practice trial on each condition before performing it for real. Participants were told the aim was to complete the task as quickly, but as accurately as possible. Performance was timed with a stopwatch following a "go signal" until the ball left the participant's foot to make the pass. Accuracy was scored as follows: (1) 0 points allocated if player made a pass in the wrong direction and missed the cone, (2) 1 point allocated if player made a pass in the wrong direction which hit the cone, (3) 2 points allocated if player made a pass in the correct direction which missed the cone, and (4) 3 points allocated if player made a pass in the correct direction which hit the cone.
Imagery and nutrition interventions
Following the pre-test, the children were matched by age and randomly allocated to either the imagery or nutrition group (n ¼ 18 each). The interventions were delivered twice per week for 5 weeks, for a total of ten sessions.
The imagery sessions were designed as a layered-PETTLEP approach, with more elements introduced as the intervention progressed. In the same format as the MIQ-C, the session content was first physically performed and then imaged. Participants were also given stimulusresponse training in the first session to help them be more aware of what they were seeing and feeling in their images (Lang, Kozak, Miller, Levin, & McLean, 1980) . The participants helped to generate relevant propositions, which the researchers reinforced in the first and subsequent sessions. Examples of stimulus propositions were details of the gymnasium where the intervention (and testing) took place. Response propositions emphasized kinesthetic (e.g., muscles working) and tactile sensations (e.g., contact of the ball).
In every session, participants were always dressed in their soccer kit and placed their foot on top of the ball during the imagery (Physical). All sessions took place in the same gymnasium where the dribbling passing task was assessed at pre-and post-tests (Environment). The imagery content focused on the skills of dribbling and passing, but the task varied from session to session (Task). Changing the session content was done for two reasons: (a) to keep the children interested and engaged and (b) to evolve the content in complexity throughout the intervention (Learning).
Participants were encouraged to always see and feel the images as clearly as possible, with visual imagery performed in the participants' preferred visual perspective (Perspective). They were also told to close their eyes if they found this helpful for generating the images. The same pictures used to introduce the concepts of visual perspective in the MIQ-C were shown to the participants at the start of each session when these instructions were given. The researchers verbally checked that each participant understood the difference between visual imagery perspectives and instructed them to use their preferred perspective in the session. In later sessions, the Emotion element was introduced and participants were asked to include personally meaningful and facilitative emotions within their imagery (e.g., feeling confident and "untouchable"). The concept of imaging in real-time was also emphasized more to the participants as the intervention progressed (Timing). At the end of each session, the researcher recorded the participants' ease of seeing and feeling the session content. Ratings were made on the same 7-point Likert-type scales used in the MIQ-C, with 1 representing "very hard to see/feel" and 7 representing "very easy to see/feel". We refer to this measure as specific imagery ability (see Cumming & Ste-Marie, 2001 for similar terminology).
The nutrition intervention contained general and sport-specific nutritional advice given throughout the ten sessions. For example, participants were informed about the correct choice of foods and the optimum time to eat them in relation to exercise. The nutrition intervention matched the imagery intervention in terms of being interactive through the use of props (e.g., which sized water bottle is the correct choice to drink after exercise?) and playing games (e.g., can you guess which of these meals has the highest fat content?). The main aim was to improve their knowledge and to develop an important life skill. 
Post-test
The post-test took place the week after the intervention was completed. The same measures from pre-test were again administered (i.e., dribbling and passing task, MIQ-C, and filler tasks). The WFQ-R and nutrition test were also given to participants at this time.
Results

Self-report data Group characteristics
To ensure there were no pre-existing group differences in footedness and the number of intervention sessions completed, two independent samples t-tests were performed. A Bonferroni adjustment was made due to multiple comparisons being performed (p < 0.025). Results revealed no significant differences between groups (imagery mean: 1.08, SD ¼ 0.28; nutrition mean: 1.00, SD ¼ 0.00) in footedness, t (22) ¼ 0.92, p ¼ 0.369, or number of intervention sessions completed, t (34) ¼ -1.31, p ¼ 0.199, with all participants experiencing at least three intervention sessions (imagery mean: 8.00, SD ¼ 2.25; nutrition mean: 8.94, SD ¼ 2.07).
Specific imagery ability
Mean ratings for how easily participants were able to see and feel the intervention images ranged from 4.82 (SD ¼ 1.67) to 6.18 (SD ¼ 0.75) and from 4.66 (SD ¼ 1.37) to 5.64 (SD ¼ 1.57), respectively. Consequently, participants were able to image each session's imagery task.
General imagery ability
In general, before any imagery training, all children found visual imagery easier than KI (EVI: M ¼ 5.70, SD ¼ 1.00; IVI: M ¼ 5.61, SD ¼ 1.00; KI: M ¼ 5.09, SD ¼ 1.27). Three paired samples t-tests with a Bonferroni correction (p < 0.017) revealed that EVI, t (33) ¼ -3.14, p ¼ 0.004, and IVI, t (33) ¼ -3.01, p ¼ 0.004, imagery were significantly easier than KI imagery. However, there was no significant difference between both types of visual imagery, t (33) ¼ -0.64, p ¼ 0.524. Table 1 shows MIQ-C imagery ratings at pre-test and post-test for both intervention groups according to imagery type (IVI, EVI, and KI).
A 2 (group) Â 2 (time) mixed design MANOVA investigated whether there were any group differences in imagery ability types from pre-to post-test. Consequently, no differences in imagery ability were found between the groups at pre-or post-test and imagery ability did not change during the intervention. Bivariate correlations investigated the relationship between imagery ability of both intervention groups at pre-and post-test and age and years of experience. Participants in the imagery group who were older and more experienced scored higher on the EVI (r ¼ 0.56, p ¼ 0.031) and KI (r ¼ 0.57, p ¼ 0.036) subscales at posttest. There was no significant relationship between futsal experience and imagery scores in either group at pre-or post-test. Due to the large variability in the number of intervention sessions completed, bivariate correlations investigated the relationship between the number of intervention sessions completed and imagery ability scores for both groups. Participants in the imagery group who completed more of the intervention scored higher on the EVI subscale (r ¼ 0.65, p ¼ 0.004) and KI subscale (r ¼ 0.50, p ¼ 0.036) of the MIQ-C at post-test than those who completed less of the intervention. There were no significant correlations between the number of intervention sessions completed and MIQ-C scores at either the pre-or post-test. Results of these correlations are reported in Table 2 .
Nutritional knowledge
A two-tailed independent samples t-test showed a significant between group difference in test scores with the 
, with observed powers of 45%, 13%, and 45%, respectively. For the alternating feet trial there was also no significant main effects for time,
observed powers of 5%, 6%, and 8%, respectively. Note: Speed was measured in milliseconds, accuracy was measured from 0 to 3 with a higher score representing a more accurate pass.
Consequently, neither group significantly improved their performance accuracy from pre-test to post-test in any performance condition. Means and standard deviations of both groups at pre-and post-test can be seen in Table 3 .
Discussion
The aim of the study was to investigate the effects of a 5-week layered-PETTLEP intervention on children's movement imagery ability and performance at a soccer task. A secondary aim was to examine the effects of a sportspecific nutritional intervention taught through games and activities as a suitable control group activity for children not in the imagery intervention group. Results of the study revealed children's initial imagery ratings mimicked findings in adults: visual imagery ability tends to be reported higher than KI ability (Callow & Hardy, 2004; Louis et al., 2012) . Interestingly, when investigating children's imagery use, Munroe-Chandler, Hall, Fishburne, O, and Hall (2007) found that only children in the oldest age cohort (13-14 years old) reported using KI. Consequently, although children as young as 3 years old have the ability to image (Joh, Jaswal, & Keen, 2011) , they may not think of using KI in sport or simply choose not to use it. This is supported by the MIQ-C ratings in the current study (Table 1) . Children younger than 13-14 years can successfully image basic movements using KI, but they found IVI and EVI easier therefore suggesting that when imaging in sport, they may simply choose not to use it. Following imagery training, EVI and KI ability were significantly correlated with age. Previous research states that younger children have difficulty visualizing movement images due to their inability to make anticipations (Munroe-Chandler et al., 2007) . This may explain why younger children scored lower on these MIQ-C subscales and suggests that the older children may have benefitted from the intervention more than the younger children. However, due to the small sample size we are unable to investigate this further.
PETTLEP imagery
Contrary to our hypothesis, results revealed that the intervention did not have any significant effect on imagery ability or performance of the dribbling and passing task. This may have been due to the frequency and overall number of sessions completed by the participants. Wakefield and Smith (2009) found that significant improvements in PETTLEP imagery performed three times a week compared to once and twice a week, suggesting imagery should be performed more frequently to elicit greater results. PETTLEP imagery undertaken by children three times a week has been shown to improve imagery ability (Smith et al., 2007) . Consequently, it may be that two sessions a week over 5 weeks were not sufficient enough to bring about improvements. Moreover, children would miss various sessions throughout the intervention for reasons beyond the researchers' control. To be included in the analysis, children had to complete at least three sessions over the intervention period. This may not have been sufficient to bring about any changes in imagery ability, particularly as the children reported a relatively high ease of imaging at the pretest. The significant positive correlations between the number of intervention sessions completed and post-test EVI and KI MIQ-C ratings suggest that a greater number of sessions was needed to elicit improvements in imagery ability and this may have generalized to improvements in the dribbling and passing task.
Another possible explanation why the intervention may not have yielded any imagery or performance increases is due to the imagery content (i.e., the futsal drills) and characteristics (i.e., VI and KI) being too difficult for the children to perform. Previous imagery interventions usually incorporate the same task (i.e., content) throughout the intervention (Smith et al., 2008; Wakefield & Smith, 2009) . To maintain the children's interest and prevent them becoming bored, we decided to change this each week. Additionally, the imagery content gradually evolved in a layering approach to make it more detailed. Images started with fewer PETTLEP elements to ensure the content was more basic and throughout the intervention incorporated more difficult PETTLEP elements, such as emotion to create a more detailed image. This layering approach was done to prevent "overloading" the participants from the start. It is possible that the imagery group was able to create more vivid and clear images at the post-test, but with the same amount of ease to that performed at the start of the intervention, resulting in no change in MIQ-C scores. However, further research is required to support this notion by assessing ease of imaging along with other measures such as vividness and detail of the image. Due to younger children not using KI (Munroe-Chandler et al., 2007) , these participants may not have been able to use KI as effectively when performing the intervention images. The literature suggests that using KI in addition to visual imagery can produce greater performance benefits than visual imagery alone (Hardy & Callow, 1999) . KI imagery can reinforce response propositions to create a more vivid image (Lang, 1979; Holmes & Collins, 2001) . Therefore, the imagery may not have been as effective in improving the younger children's performance of the dribbling and passing task.
A third possibility preventing changes in imagery ability could be the participants' experience of imaging the tasks. Research suggests that the frequency of an event and how recently it took place can influence the ability to image it (Lequerica, Rapport, Axelrod, Telmet, & Whitman, 2002; Szpunar, Watson, & McDermott, 2007; Williams, Cumming, & Edwards, 2011 ). In the current intervention, most of the imagery tasks had not been performed by participants prior to the intervention. Consequently, the imagery may have been neither as accurate nor as effective as it would have been had the tasks been more familiar. When developing movement imagery interventions, it is important to consider the previous experience participants have of performing the task to ensure the imagery is accurate and sufficient enough to be effective.
Finally, it is also important to note that although the dribbling and passing task was devised to be as ecologically valid as possible, testing occurred in a training environment, rather than a competitive one, meaning it did not elicit the emotion and anxiety intensity that would akin to what is experienced in competition. As a result, the children's emotions within the imagery might not have accurately reflected the pre-test and post-test environment. Ramsey, Cumming, Edwards, Williams, and Brunning (2010) stated that PETTLEP interventions may be more suitable for improvements in competition rather than practice due to these different interpretations of anxiety direction. Also, while the system devised to assess the accuracy of the dribbling and passing task was considered to be the most practical option for the nature of this field study, it may not have been sensitive enough to detect any improvements.
This study provided an opportunity to test the relatively novel MIQ-C in an applied setting. The Cronbach alpha's for all subscales at pre-and post-test were above 0.70, demonstrating good internal reliability. The MIQ-C is based on the MIQ-3 but is more child friendly by including pictures to explain the rating scale and provide examples of the different imagery perspectives. The Movement Imagery QuestionnaireRevised (MIQ-R; Hall & Martin, 1997) and the Vividness of Movement Imagery Questionnaire (Isaac, Marks, & Russel, 1986) have previously been used in imagery interventions with children (Smith et al., 2007; Taktek et al., 2008) , but it can be questioned whether these instructions are too complex for children to comprehend. Although the MIQ-C may be more appropriate, the 12-items proved to be quite time consuming and slightly impractical when children were tested in larger groups. A shorter 8-item version as seen in the MIQ-R may keep children more focused when completing an imagery ability questionnaire.
Nutritional knowledge
Relating to the secondary aim of the study, results of the nutrition test suggest that a 5-week nutritional training intervention significantly improved nutritional knowledge compared to the imagery group. This supported our second hypothesis. Typically, imagery intervention control groups are usually instructed to read sport associated literature, which can often lead to spontaneous imagery. A nutrition intervention was chosen for this study for a number of reasons. Firstly, it was important to implement a strategy that would engage the children's interest. Secondly, it provided general information on healthy eating and making the correct diet choices. Thirdly, the intervention content also focused on sport-specific nutrition and gave children an insight into ways to improve performance through implementing the correct nutritional strategies. Therefore, the intervention not only provided the children with beneficial advice of sports nutrition but also improved their knowledge of healthy eating. To date, no previous studies have implemented the use of sports nutritional knowledge as a control group. This is the first study to suggest that children's sportspecific knowledge can be improved in a relatively short period of time. Unfortunately, the nutrition intervention was devised as the weeks progressed meaning we were unable to obtain a pre-test measure of nutritional knowledge. However, we believe that it is unlikely that pre-existing knowledge may have contributed toward the results, especially for sport nutrition-related questions, as during the intervention it was evident that very few children had been educated on this particular topic. The finding suggests that future research could teach control group children about important sport-related information such as sports nutrition or rules or tactics.
Limitations and future research
A limitation of this study was the generalized approach of the intervention delivery. The PETTLEP model is based on behavioral matching which emphasizes the need for imagery to be specific and meaningful to the individual. Due to practicalities, the imagery intervention was delivered to children in groups of about six to eight participants at a time, often varying in age and level of experience. A generalized approach was adopted to relate to all participants but this may have meant the intervention was not specific enough for participants (e.g., younger children found the concept of KI harder to grasp, which may have required further explanation). Therefore, age should be considered when developing future PETTLEP interventions for children. As of yet there are no studies that have investigated whether the delivery of an imagery intervention should be adjusted for children and how this approach should be undertaken. Based on our findings that age correlated with post-test MIQ-C scores, research should specifically investigate the influence age might have on PETTLEP interventions. It is important that future research establishes the effects of individual differences among child athletes to facilitate effective imagery interventions for groups or teams of children.
A second limitation was the relatively short nature of the intervention. Due to practical constraints, only a 5-week intervention was feasible. However previous PETTLEP studies (e.g., Smith et al., 2007 Smith et al., , 2008 have reported performance benefits from 6-week interventions, suggesting that other factors together with the intervention duration may have prevented a significant improvement in imagery ability and performance.
It is also important that research examines how many PETTLEP imagery sessions are required before an intervention becomes effective. This effectiveness can include improving imagery ability as well as achieving other outcomes such as improvements in performance. Imagery research remains unclear about the appropriate amount of imagery to elicit greater effects . However, establishing how many sessions are needed to elicit benefits with children and how soon these benefits can occur will help in the design of future interventions.
To observe improvements in imagery ability, measures beyond ease of imaging should be employed. These could include measures tapping different imagery ability dimensions such as vividness or accuracy, and measures beyond self-report such as chronometric assessment which is also thought to reflect imagery ability (Collet, Guillot, Lebon, MacIntyre, & Moran, 2011) . Finally, outcomes beyond improvements to performance should be examined. There have been relatively few imagery interventions that have set out to investigate the effects of PETTLEP imagery on outcomes such as regulating arousal and anxiety or modifying cognitions (Ramsey et al., 2010) despite the fact that there has been a call for the PETTLEP model to be tested in this area of the literature (Smith et al., 2007) .
Conclusions
The results of this study suggest that in order for a PETTLEP imagery intervention to be most effective, there are important considerations to take into account such as the imagery type used, performance environment, frequency of imaging and the performer's age and level of experience. The main reasons why this imagery intervention did not produce significant results are most likely the length of intervention, the training environment not eliciting the appropriate anxiety intensity and the generalized intervention delivery not being specific to all individuals. Although the findings were not significant, this study contributes to the imagery literature by highlighting important things that need to be considered when delivering PETTLEP imagery interventions to children. This includes the potential of delivering imagery in separate cohorts according to age. The effects of PETTLEP imagery on alternate factors that contribute to performance, such as self-confidence and anxiety interpretation should also be investigated. This study is one of the first to show that control groups, especially with children, can be used in an educational way. This should be considered in future research as it means interventions can not only be used in a practical manner to improve sporting performance but also to educate and improve knowledge.
